Objectives: Patients discharged from hospitals on a Friday (Friday discharges) are readmitted sooner (a shorter timeto-emergency-readmission) than those discharged on any other day of the week. To evaluate the cost-effectiveness of increasing weekend capacity, the effect estimate of Friday discharge on time-to-emergency-readmission needs to be precise. However, precise effect estimation is complicated by the confounding effect of differing healthcare-seeking behaviour and admission practices, and therefore different admission probability, by day of the week. The objective of this research was to examine how differing admission probability by day of the week influences the effect of discharge day on time-to-emergency-readmission. Methods: We used a Markov model to determine how day of the week admission probability would theoretically affect the time-to-emergency-readmission for Friday and Wednesday discharges. We tested this in a cohort of patients who have had a history of respiratory illness, using a Cox proportional hazards model to fit the time-to-emergencyreadmission to any Quebec hospital as a function of the day of the week of discharge and admission. We fitted another Cox model with an additional time-varying covariate for the current day of the week, to model differing admission probabilities by day of the week. Results: Our Markov model showed that if admission probability is lower on the weekends, Friday discharges will be readmitted later (longer time-to-emergency-readmission) than Wednesday discharges. Using hospital admission data, we found that Friday discharges were readmitted slightly earlier than Wednesday discharges (HR: 1.03, 95% CI: (1.02, 1.05)). After adding a time-varying covariate for the current day of the week, the length of time-to-emergency-readmission for a Friday discharge increased, but it was still earlier than a Wednesday discharge (HR: 1.04, 95% CI: (1.01, 1.07)). Conclusions: The lower admission probabilities on the weekend confound the effect of Friday discharge on timeto-emergency-readmission by increasing the time-to-emergency-readmission. This confounding effect causes an underestimate of the effect of Friday discharge on time-to-emergency-readmission.
Introduction
Patients who are discharged on a Friday get readmitted to hospital sooner (when measured as time-toreadmission) and more often (when measured as probability of 30-day readmission) than those discharged on any other day of the week. [1] [2] [3] Although there is no medical reason why people are discharged more often on Fridays, some speculate that physicians discharge more often on Fridays because of a patient preference for being home on the weekends, a lack of hospital capacity on weekends (hospitals operate at 12% of weekday capacity on weekends) 4 and a lack of weekend intake capacity at other long-term care facilities. Reducing Friday discharges and improving hospital capacity during the weekends in both hospitals and other long-term facilities may help prevent readmissions, 4, 5 but increased weekend capacity may come at the cost of reduced weekday capacity. To understand the value of increased weekend capacity, we must precisely measure the effects of Friday discharge on timeto-readmission.
The difference between weekend and weekday admission rates complicates the interpretation of Friday readmission rates. Because patients are not admitted very often on the weekend, [6] [7] [8] [9] the length of time to return to the hospital can be lengthened or shortened based on the day of the week of discharge. For example, independent of any differences in quality of care, Friday discharges will be less likely to be admitted in one or two days (on the Saturday or Sunday) than Wednesday discharges because patients are less likely to be admitted on Saturday or Sunday. To precisely estimate the effect of Friday discharge on time-to-readmission, a model must account for the varying rate of admission on the weekend.
Although Friday discharge is only weakly associated with time-to-readmission, because 20% of people are discharged on a Friday, even a slight change -a reduction in Friday discharges and in readmissions -could mean a significant number of patient-days saved in hospital, if the days saved in readmissions outweigh the extra weekend days in hospital from the original admission. However, because of the high cost of improving weekend services, we need to precisely estimate the effect of Fridays on readmission. In particular, we need to control the effect of the differing probability of admission on different days of the week to estimate the effect of Friday discharges on readmission. In this study, we used analytic and empirical methods to study how the probability of admission by day of the week influences the effect of Friday discharge on time-to-emergency-readmission.
Methods
From the Quebec administrative healthcare database, we extracted all hospitalizations on all 3.6 million people who ever reported a respiratory illness between the years 1996 and 2006 (inclusive) and lived in the 2006 census metropolitan area of Montreal, Canada. Respiratory illness was defined as any of the ICD-9 codes listed in online Appendix 2. A patient entered the cohort after their first (outpatient or inpatient) respiratory illness, but all elective or non-elective admissions, including those for non-respiratory illnesses, were included in our study of readmissions. Respiratory illness was not the focus of this study; we used this extract because it includes enough discharges to allow us to measure small effects, was unlikely to have a selection bias with respect to hospital readmissions and was readily available.
Markov model
We used an absorbing Markov model to predict the time-to-readmission for each discharge day, assuming that there was no effect of the day of the week on discharge independent of the varying admission probability on each day (online Appendix 1). This model was not fitted to any data; the model's purpose was to understand how weekend admission probabilities confound the relationship between discharge day and readmission time. We assumed that the probability of admission on a weekday was some fixed probability 1Àa, and the probability of admission on a weekend was some fixed probability 1Àb. We then calculated the expected time-to-readmission for Friday and Wednesday discharges as functions of a and b.
Survival analysis
We then fitted Cox proportional hazards models to hospitalizations in Quebec to estimate the effect of discharge day on time-to-readmission. In the first model, we controlled only for time-fixed confounders. The exposure of interest, the day of discharge, was represented in the model using indicator variables, with Wednesday as the reference category. The outcome was the time-to-readmission in days, with 'time zero' being the day of discharge. A readmission occurred if the discharged patient had an emergency readmission to any Quebec hospital. If the discharged patient died, had a non-emergency hospital readmission, moved out of Quebec, or if the study period ended, they were considered right-censored (meaning that after this time, they were no longer considered in the analysis). We did not restrict the readmission to within 30 days; a person could be readmitted at any time after discharge and before the end of the study. The unit of analysis was the discharge; a single person could have several discharges.
We controlled for several time-fixed confounders including: the admission day of the week, whether the discharge or admission day was a holiday; whether the discharge or admission day was the day after a holiday; age; sex; the number of previous drug prescriptions within the past year; the number of previous discharges within the past year and the classification of the admission (ICD-9) code into one the 24 mutually exclusive Major Diagnostic Categories (a US classification system related to the Diagnostic-Related Groups and maintained by the US Agency for Healthcare Research and Quality). 10 In the second model, we added a single, time-varying covariate for the day of the week after discharge. This time-varying covariate was represented by six binary variables (excluding Wednesday), and it changed every day to represent the current day of the week. This means that each discharge had one row in the information matrix for every day they were in the follow-up period. This allowed the model to account for a varying hazard of admission by day of the week.
Results
Weekends had fewer discharges and emergency admissions than weekdays. Monday had the highest proportion of admissions (16%), while Friday had the highest proportion of discharges (22%). Only 10% of patients were discharged on a Saturday, and only 6% were discharged on Sunday (Figure 1 ). Holidays on a Friday displace the discharge effect; in the week preceding Good Friday, Thursday had the highest discharge rate (online Figure S1 ). Table 1 compares Friday discharges and those discharged on other days of the week by the covariates we used in the models.
The Markov model predicted that if the probability of admission on a weekday is 1Àa and the probability of admission on a weekend is 1Àb, then Friday discharges are readmitted
days later than Wednesday discharges (see online Appendix 1 for details). Because the probability of admission on a weekday exceeds the probability of admission on a Figure 1 . Discharge rate per day. Each pixel represents a single day in the study period, not all years in the study period are displayed, for aesthetic reasons. The pixels are arranged to resemble calendars; within each year, each row is a week and each column is a weekday. The color of each pixel represents the proportion of the cohort that was discharged on that day. Holidays have a green border.
weekend, this expression is positive. This means that, independent of any potential differences in quality of care, Friday discharges will be readmitted later than Wednesday discharges, as an effect of admission probabilities alone. Table 2 shows the fitted coefficients of both the timevarying and the time-fixed models. In the time-fixed model, Friday discharges had a significantly higher hazard of readmission than Wednesday discharges (HR: 1.03 (1.02-1.05)), but Monday, Thursday and holiday discharges also had significantly higher hazards than Wednesdays. Also, those admitted on the weekend, or on the day after a holiday, had a significantly higher hazard of readmission than Wednesday admissions.
Survival analysis
In the model with time-varying variables, the time-varying variables (listed under the heading 'Time-varying day of the week' in Table 2 , including 'Time-varying holiday' and 'Time-varying postholiday') had much stronger effects than the timefixed variables (all other variables). Both weekend variables and holiday variables had lower hazards of readmission, while Mondays and the day after holidays had a higher rate of admission. Friday discharges continued to have a higher hazard of readmission than Wednesday discharges, but Saturdays and the day after holidays also had significant effects on readmission. None of the admission variables had any effect on readmission in the time-varying model.
Discussion
In this study, we found that models that do not control for admission probability by day of the week will underestimate the effect of Friday discharges on timeto-readmission (implying an underestimate on the probability of 30-day readmission). The effect of Friday discharge on time-to-readmission is only weakly significant (HR: 1.04), but since the exposure is extremely common (22% of the population), even interventions with only small effects will lead to large absolute gains, through lengthening the number of days-to-readmission. Although all patients will eventually be readmitted (or die), lengthening the time-toreadmission (or preventing readmission altogether) will reduce the hospital admissions per day, helping to reduce congestion.
We found that patients were being preferentially discharged not just on Fridays, but before holidays in general, despite there being no medical reason why patients would be more ready to leave the hospital before holidays. Patient preferences can influence this decision; they may simply wish to be home for weekends and holidays. Also, fewer staff work on holidays and weekends and holidays and teaching hospitals are typically staffed by medical residents 5 ; physicians may be discharging before the weekend and holidays to avoid leaving their patients with fewer and less experienced staff. Many patients depend on long-term care and social support services, which typically do not accept patients on the weekend. Hospital staff may be 'rushing' Friday discharges to get them admitted to weekend services, leading to fewer discharge instructions, and perhaps poorer outcomes after discharge. 11 Other day of the week research has focused on the probability of mortality on the weekend. 12 We agree that the probability of mortality on the weekend is due to differences in the patient population on the weekend rather than differences in care. However, the reason for a different patient population on the weekend is because a hospital may be less likely to admit patients with a low probability of death on the weekend. For a similar reason, we expect that patients are discharged on Fridays because physicians only keep those in hospital who are most likely to return. Note: The hazard ratios and associated 95% confidence intervals are presented for the day of the week variables for two Cox proportional hazards models of readmission. The time-fixed model includes indicator variables for the day of discharge and the day of admission, using Wednesday as the reference day of week. The time-varying model adds a set of time-varying indicator variables to represent the current day of week after discharge. Each model controlled for additional variables described in the methods.
But this can lead to risky discharges on Friday, which is exactly the effect this paper discussed. We suggest that the effect of Friday discharge on readmission may in part be due to a lack of weekend services, and that increased weekend services may allow physicians to discharge patients slightly later. Increased weekend services may also improve patient flow, decreasing hospital congestion by allowing weekend discharge for those who may have been discharged on a Monday and reducing the length-of-stay in the hospitals. Wong et al., 13 using a dynamic simulation model of patient flow, found that increased weekend discharges would lead to decreased congestion at the emergency department. Bell 4 suggested that if hospitals operated at 50% of weekday capacity on the weekends (they currently operate at about 12%), the total volume of weekly procedures would increase by 14%. Varnava et al. 14 found that discharge decisions for those with acute myocardial infarction were affected inappropriately by the day of the week, leading to clinically unnecessary increased length of stay. Another study of length of stay 15 found that 24% of medically unnecessary patient-days involved an inability to access medical services on the weekend, suggesting that improving weekend medical service access may allow physicians to discharge on the weekend more often.
There were some limitations to our research. Patients entered our cohort between 1996 and 2006, and the cohort was selective, as we included only those with at least one outpatient or inpatient respiratory illness diagnosis, meaning that our estimate of the effect of Friday discharges on readmissions may not generalize well to other populations. However, we believe that the most important finding of our study is that the probability of weekend admission confounds the effect of Friday discharge on readmission, and that this finding generalizes well to any population where the probability of weekend admission is much less than weekday admission.
Variation in 'in-hospital' survival among different admission days of the week may cause differing probabilities of readmission by admission day of the week. 16 We controlled this by adding model covariates for admission day of the week. Similarly, variation in time-to-mortality by discharge day of the week may bias our effect estimates; those who die cannot be readmitted, so observed differences in readmission rates by day of the week may reflect underlying differences in mortality day of the week rates. Because the probability of death and readmission are highly correlated, we expect that this competing risk will bias the effect estimates toward the null; if we had controlled for competing risks, we expect that it would increase the effect of Friday discharge on readmissions.
We found that a seemingly simple effect of discharge day on readmissions conceals the rather complex dynamics of patient flow; access to primary care, long-term care and social services can all affect the time-to-readmission. We plan to explore the nature of patient flow throughout the healthcare system more closely, to develop effective interventions that can reduce the risk of readmission associated with Friday discharge.
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